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5 TECHNICAL FIELD 

The present invention relates to an analytical tool used 
for analyzing a particular component (such as glucose or 
cholesterol ) contained in a sample liquid such as blood or urine . 

10 BACKGROUND ART 

Biosensors utilizing the capillary method are generally 
used for analyzing glucose contained in blood. For example, 
use is made of such a biosensor 6 as shown in Figs. 9 and 10, 
which is formed with a window 61 for checking that a sample 

15 liquid is supplied into a capillary 60 (See JP-A 2001-526388, 
for example) . 

The capillary 60 is defined by a substrate 62, a spacer 
63 and a cover 64. On the substrate 62, a working electrode 
65 and a counter electrode 66 are formed. The working electrode 
20 65 and the counter electrode 66 are covered by an insulating 
film 67 so that opposite ends 65a, 65b, 66a, 66b are exposed. 
The end 65a of the working electrode 65 and the end 66a of the 
counter electrode 66 are connected to. each other by a reagent 
portion 68 . 

25 The window 61 is provided by forming a light-transmissive 

region in the cover 64. The window 61 extends continuously 
from a sample liquid introduction port 69a toward an air vent 
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69b and directly above the ends 65a, 66a of the working electrode 
65 and the counter electrode 66. 

In the biosensor 6, the sample liquid introduced through 
the sample liquid introduction port 69a moves in the capillary 
5 60 toward the air vent 69b by capillary action. The movement 
of the sample liquid can be checked by visual inspection through 
the window 61 formed in the biosensor 6. 

However, when the biosensor 6 is designed to analyze a 
small amount of sample, the width of the capillary 60 is set 

10 small. Further, the window 61 extends continuously from the 
sample liquid introduction port 69a toward the air vent 69b. 
Therefore, in the biosensor 6, it is sometimes difficult to 
check which point in the capillary 60 the sample liquid has 
reached. Therefore, it is not always easy for the user to check, 

15 by visual inspection, that the sample liquid has reached an 
intended point in the capillary 60. Further, when the 
insulating film 67 covering the working electrode 65 and the 
counter electrode 66 is colored, the color of the insulating 
film 67 makes the color of the sample liquid indistinctive. 

20 Also in such a case, the checking by visual inspection is 
difficult. Moreover, since the window 61 is formed to extend 
directly above the ends 65a, 66a of the working electrode 65 
and the counter electrode 66, the internal structure of the 
biosensor 6, such as the working electrode. 65 and the counter 

25 electrode 66, can be seen before the use of the sensor, which 
deteriorates the appearance. 
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DISCLOSURE OF THE INVENTION 

An object of the present invention is to provide a biosensor 
which makes it possible to easily and reliably check, by visual 
inspection, whether or not a sample liquidhas reachedan intended 
5 point in a capillary without deteriorating the appearance. 

According to the present invention, there is provided an 
analytical tool comprising a sample liquid introduction port, 
a capillary for moving a sample liquid introduced through the 
sample liquid introduction port, and a window for checking that 

10 the sample liquid of an amount necessary for measurement is 
supplied into the capillary. An opaque region is defined 
between the sample liquid introduction port and the window. 

For example, the analytical tool further comprises a 
substrate, a cover bonded to the substrate and defining the 

15 capillary together with the substrate, and a working electrode 
and a counter electrode which are formed on the substrate and 
which include respective exposed portions facing the interior 
of the capillary. In this case, at least part of the window 
is formed at a region which avoids a position directly above 

20 the exposed portions. Preferably, the entirety of the window 
is formed at a region which avoids a position directly above 
the exposed portions. 

The analytical tool of the present invention may further 
comprise an air vent for discharging air from the capillary. 

25 In this case, the window is provided between the air vent and 
a downstream one of the exposed portions in the flow direction 
of the sample liquid. 



Preferably, the window includes a most upstream point which 
corresponds to or generally corresponds to a most downstream 
point of the downstream one of the exposed portions in a thickness 
direction of the substrate. 
5 In the case where the analytical tool includes such a 

substrate and a cover as described above, the window is provided 
by forming a transparent portion in the cover and forming an 
opaque portion around the transparent portion. 

For example, the cover comprises a transparent member, 

10 and an opaque layer formed with an opening and laminated on 
a surface of the transparent member. In this case, the window 
is defined by the opening. 

The opaque layer may be provided by forming a film directly 
on the surface of the transparent member. Examples of method 

15 for the direct film formation of the opaque layer include gravure 
printing, screen printing, vapor deposition, sputtering and 
CVD. In the present invention, the direct film formation by 
gravure printing or screen printing is preferable. The opaque 
layer may comprise a thin film bonded to the surface of the 

20 transparent member. For example, such an opaque layer may be 
formed by bonding a colored film formed with an opening to the 
cover . 

The cover may include an opaque member formed with an opening, 
and a transparent member embedded in the opening . Inthiscase, 
25 the window is provided by the transparent member. 

Preferably, the opaque region has a color which presents 
a high contrast with a color of a sample liquid such as blood 



or urine. 

For example, the analytical tool of the present invention 
may further comprise an additional window for checking that 
introduction of the sample liquid into the capillary is started. 
5 The analytical tool may further comprise a working electrode 
and a counter electrode which are formed on the substrate and 
which include respective exposed portions facing the interior 
of the capillary. In this case, at least part of the additional 
window is formed at a region which avoids a position directly 

10 above the exposed portions. 

Pref erably, the entirety of the additional window is formed 
at a region which avoids a position directly above the exposed 
portions. For example, the additional window is provided 
between the sample liquid introduction port and an upstream 

15 one of the exposed portions in the flow direction of the sample 
liquid. For example, in this case, the additional window is 
provided adjacent to the sample liquid introduction port. 

The additional window may be formed by a method which is , 
similar to that for forming the window. 

20 It is to be noted that the term "transparent" in the present 

invention indicates the state in which light is transmitted 
to a degree which makes it possible to check the sample liquid 
existing in the capillary so that the aim of the window can 
be attained and is not limited to the state in which 100% or 

25 close to 100% of visible light is transmitted. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an entire perspective view showing a biosensor 
according to a first embodiment of the present invention. 

Fig. 2 is an exploded perspective view of the biosensor 
5 shown in Fig. 1. 

Fig. 3 is a sectional view taken along lines III-III in 
Fig. 1. 

Fig. 4 is a plan view of the biosensor shown in Fig. 1. 
Figs. 5A and 5B are plan views showing the introduction 
10 of a sample liquid into the capillary of the biosensor shown 
in Fig. 1. 

Figs. 6A-6D are plan views showing other examples of 
biosensor according to the present invention. 

Fig . 7 is an entire perspective view of a biosensor according 
15 to a second embodiment of the present invention. 

Fig. 8 is a sectional view taken along lines VTII-VIII 
in Fig. 7. 

Fig. 9 is an exploded perspective view of an example of 
prior art biosensor. 
20 Fig. 10 is a sectional view of the biosensor shown in Fig. 

9. 

BEST MODE FOR CARRYING OUT THE INVENTION 

A first and a second embodiments of the present invention 
25 will be described below in detail with reference to the drawings . 

Firstly, the first embodiment of the present invention 
will be described with reference to Figs. 1-5. 
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The biosensor 1 shown in Figs. 1-4 is used for analyzing 
a particular component contained in a sample liquid such as 
blood or urine by an electrochemical method. The biosensor 
1 includes a substrate 2, a spacer 3 and a cover 4, all of which 
5 define a capillary 5. The capillary 5 is utilized for moving 
a sample liquid from a sample liquid introduction port 51 toward 
an air vent 41. 

As better shown in Figs. 2 and 3, the substrate 2 has an 
upper surface formed with a working electrode 21 and a counter 

10 electrode 22. The electrodes 21 and 22 are covered by an 
insulating film 23 so that respective opposite ends 21a, 21b, 
22a, 22b are exposed. The ends 21a and 22a of the working 
electrode 21 and the counter electrode 22 are connected to each 
other by a reagent portion 24 . For example, the reagent portion 

15 24 is in a solid state and contains an oxidoreductase and an 
electron mediator. The kinds of oxidoreductase and electron 
mediator are selectable depending on the kind of the component 
to be measured . For example, to measure a glucose level , glucose 
dehydrogenase or glucose oxidase is used as the oxidoreductase, 

20 whereas potassium f err i cyanide is used as the electron mediator . 

The spacer 3 serves to define the height of the interior 
of the capillary 5. The spacer 3 is formed with a slit 31 having 
an open front end. The slit 31 serves to define the width of 
the interior of the capillary 5 . The open front end of the 

25 slit 31 constitutes the sample liquid introduction port 51 for 
introducing a sample liquid into the capillary 5. 
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As shown in Figs. 1 through 3, the cover 4 includes an 
air vent 41 and two windows 42 and 43. The air vent 41 serves 
to discharge air in the capillary 5 to the outside and 
communicates with the interior of the capillary 5. The window 
5 42 is utilized for checking whether or not the introduction 
of sample liquid into the capillary 5 is started and also serves 
as a mark for introducing the sample liquid through the sample 
liquid introduction port 51. The window 43 is utilized for 
checking the movement of the sample liquid in the capillary 

10 5 and provided on the side of the air vent 41 which is closer 
to the sample liquid introduction port 51. As better shown 
in Figs. 3 and 4, the windows 42 and 43 are so arranged as to 
avoid the positions directly above the working electrode 21 
and the counter electrode 22, and the upstream edge of the window 

15 43 generally corresponds to the downstream edge of the end 22a 
of the counter electrode 22 in the thickness direction of the 
substrate 2. 

The cover 4 comprises a transparent member 4 4 and an opaque 
layer 45 laminated thereon. The transparent member 44 

20 includes a through-hole 46 constituting the air vent 41 and 
is entirely formed of a transparent resin, for example. 

The opaque layer 45 includes three openings 47a-47c. The 
opening 47a constitutes the window 42 and is provided adjacent 
the sample liquid introduction port 51. The opening 47b 

25 constitutes the window 43 and is provided directly above the 
capillary 5 and between the opening 4^7 c (air vent 41) and the 
ends 21a, 22a of the working electrode 21 and the counter 



electrode 22. The opening 47c constitutes the air vent 41 and 
provided at a location corresponding to the through-hole 4 6 
of the transparent member 44. 

The opaque layer 45 may be provided by forming a film 
5 directly on the upper surface of the transparent member 44. 
Such film formation of the opaque layer 45 may be performed 
by gravure printing, screen printing, vapor deposition, 
sputtering or CVD, for example. In view of the manufacturing 
cost, gravure printing or screen printing is preferable. In 

10 gravure printing or screen printing, the opaque layer 45 is 
formed by applying ink containing pigment or paint on the upper 
surface of the transparent member 44 and then drying. As the 
pigment, it is preferable to use pigment of a color which presents 
a high contrast with the color of the sample liquid. The opaque 

15 layer 45 may be made by bonding a colored film on the upper 
surface of the transparent member. 

In the biosensor 1, when a sample liquid is introduced 
through the sample liquid introduction port 51 , the sample liquid 
moves toward the air vent 41 by capillary action. The 

20 introduction of the sample liquid can be easily and reliably 
performed by utilizing the window 42 as a mark. Whether or 
not the sample liquid is introduced into the capillary 5 can 
be determined by whether or not the color viewed through the 
window 42 is changed, as indicated by cross-hatching in Fig. 

25 5A. Whether or not the sample liquid of an amount necessary 
for the measurement is supplied into the capillary 5, i.e., 
whether or not the surfaces of the working electrode 21 and 



the counter electrode 22 are wetted by the sample liquid, for 
example, can be determined by whether or not the color viewed 
through the window 43 is changed, as indicated by cross-hatching 
in Fig. 5B. 

5 As the sample liquid moves, the reagent portion 24 is 

dissolved by the sample liquid. As a result, a liquid phase 
reaction system is established in the capillary 5 . In the liquid 
phase reaction system, oxidation/reduction reaction occurs to 
produce a reaction product of an amount related with the amount 

10 of the measurement target component. By applying a voltage 
to the liquid phase reaction system using the working electrode 
21 and the counter electrode 22, the amount of the reaction 
product can be found out as a responsive current corresponding 
to the amount of the reaction product, for example. Based on 

15 the responsive current, the amount of the measurement target 
component can be computed. 

In the biosensor 1, based on the color change observed 
through the windows 42 and 43, it is possible to easily and 
reliably check, by visual inspection, that the introduction 

20 of the sample liquid into the capillary 5 is started or the 
sample liquid of an amount necessary for the measurement is 
supplied into the capillary 5. Particularly, when the color 
around the windows 42, 43 presents a high contrast with the 
color of the sample liquid, the introduction of the sample liquid 

25 into the capillary 5 and the reaching of the sample liquid to 
an intended position can be checked more easily and reliably. 
The windows 42 and 43 are so formed as to avoid the positions 
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directly above the working electrode 21 and the counter electrode 
22, and the proportion of the area of the windows 42 and 43 
to the obverse surface of the cover 4 is relatively small. 
Therefore, the internal area of the biosensor 1 which can be 
5 viewed from the outside through the windows 42 and 43 is 
relatively small, and the working electrode 21 and the counter 
electrode 22 cannot be seen through the cover 4. Therefore, 
the appearance of the biosensor 1 can be improved. 

For example, the windows of the biosensor may have such 

10 structures as shown in Figs. 6A-6D. Specifically, as shown 
in Fig. 6A, the window 43 may be connected to the air vent 41. 
As shown in Fig. 6B, the window 42 may be dispensed with. As 
shown in Fig. 6C, the window 42 may be extended directly above 
the working electrode 21. As shown in Fig. 6D, the window 43 

15 may be extended directly above the counter electrode 22. Also 
in these examples shown in the figures, the portion on the side 
of the window 43 which is closer to the sample liquid introduction 
port 51 is made opaque, and the windows 42 and 43 are so formed 
as to avoid the position directly above at least one of the 

20 working electrode 21 and the counter electrode 22. Therefore, 
the biosensors of these examples can enjoy the same advantages 
as those of the above-described biosensor 1. 

Referring to Figs. 7 and 8, a biosensor according to the 
second embodiment of the present invention will be described. 

25 In these figures, the elements which are identical or similar 
to those of the biosensor 1 are designated by the same reference 
signs, and the description thereof is omitted. 
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In the biosensor 1' , the cover 4' is made up of two kinds 
of members. Specifically, the cover 4' includes an opaque 
element 48 formed with openings 48a, 48b, and transparent 
elements 49a, 4 9b embedded in the openings 48a, 48b. The 
5 transparent 49a, 49b constitute windows 49A, 49B. 

In the biosensor 1' again, based on the color change which 
can be observed through the windows 49A and 49B, it is possible 
to easily and reliably check whether the introduction of the 
sample liquid into the capillary 5 is started or whether the 

10 sample liquid of an amount necessary for the measurement is 
supplied into the capillary 5. Moreover, since the internal 
structure of the biosensor 1' is not easily visible, thebiosensor 
1 has a good appearance. 

Similarly to the biosensor 1, the windows 49A, 49B of the 

15 biosensor 1' can also be modified in such ways as described 
with reference to Figs. 6A-6D. 

The present invention is not limited to the foregoing 
embodiments and may be modified in many ways. For example, 
although the capillary of the analytical tool in each of the 

20 foregoing embodiments is defined by the substrate, the spacer 
and the cover, the present invention is also applicable to an 
analytical tool in which a capillary is defined by a substrate 
formed with a recess, and a cover. The present invention is 
not limited to an analytical tool for performing analysis by 

25 an electrochemical method and is also applicable to an analytical 
tool for performing analysis by an optical method. 
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